Background: to date, an assessment of morphometric features, muscle stiffness and blood flow in the upper trapezius among healthy females at rest and contraction states has not been conducted. So, in the current research, the intra-rater reliability of ultrasonographic features of upper trapezius in healthy females was examined. Method: in this study stiffness and thickness of the upper trapezius in rest and contraction states were measured by ultrasonography on 12 healthy female subjects (28.33±5.05 years old). Color Doppler imaging was used to assess muscle circulation in the rest state only. Every step and calculation of measurements was repeated 3 times with the same rater. Therefore, in total 36 measurements were done for each variable.
Introduction
Pain in the shoulder and cervical regions, is one of the prevalent musculoskeletal problems, especially in employed population. Pain and increased muscle tension of the upper trapezius are the most common complains of these people 1 . Considering various functional role of this muscle in neck and shoulder movements, its tenderness or increased tension can result in imbalance of the scapular force couples and will cause shoulder or neck pain [1] [2] [3] . There are several factors, including: poor head or shoulder posture, pattern of breathing, dysfunction in temporomandibular joint and arousal states (depressed, anxious) that could affect the function of this muscle or formation of trigger points 4 . It's believed that muscle pain is developed in response to continuous low-level contractions. This form of contraction in people with neck pain could enforce alterations in slow oxidative motor units, including: decreasing in blood flow or capillarization, metabolic changes and mitochondrial disturbances, that may decrease the threshold of nociceptors 5, 6 . On the other hand, endurance training is often consistent with circulation adaptation in the tendon and muscle and lead to increased capacity of aerobic metabolism 7 . So, evaluation of muscles in different rest and contraction states may help us to prevent neck or shoulder pain in susceptible people or control the output of clinical programs in various disorders relevant to neck or shoulder. While, clinical assessment have been routinely used to diagnose muscle or Ultrasonography for the assessment of the upper trapezius properties in healthy females: a reliability study tendon lesions, imaging tools, such as ultrasound with 93% sensitivity in detection of location or severity of structural injuries have been reported to be more effective in the prediction of recovery time 8 . In other words, the need for more accurate evaluation of neck muscles due to the high probability of injury, lead to the development of imaging techniques 9 . In the last three decades, there have been lots of studies conducted by researchers in the field of musculoskeletal ultrasonography with the purpose of assessing behavior and morphometric parameters of muscle in clinical programs 10, 11 . Ultrasonography is a suitable noninvasive method for achieving dynamic and real time images of body structures, such as connective tissue, muscle and blood flow parameters 12 . Quantification of the mechanical properties of tissues is another ability of ultrasonography devices. Due to the importance of detection of changes in the viscoelastic features of tissue and correlation between structure and function of muscles, it seems that the use of this device is effective 13, 14 . Objective information and real time images from target tissues can help us to increase accuracy of diagnostic decision making, clinical examination and therapeutic intervention selections 15 . According to high incidence of shoulder and neck pain that could be the consequence of changes in blood flow or muscle stiffness and considering no published paper in this area was found, the purpose of the present study is to assess intra rater reliability of ultrasonographic features of upper trapezius, including muscle thickness, elasticity and circulation in healthy females.
Methods and materials

Subjects
Students and staff of School of Rehabilitation who had no history of pain or direct trauma in neck and shoulder regions were invited to participate in this study. Twelve healthy females aged between 19 and 38 (mean ± SD: 28.33± 5.05) with right dominant hand were included in the present study. The protocol and goals of the study which was approved by Ethics committee of Tehran University of Medical Sciences, were explained to participants who signed the consent form. Current study meets the ethical standards of Muscles, Ligaments and Tendons Journal 16 .
Ultrasonography
In order to obtain homogenous images from all subjects, the same spot of upper trapezius has been marked. Initially, spinous process of 7 th cervical vertebra (C7) and acromion process of right scapula were determined by palpation and then were marked. Afterwards, the distance between these two points was measured and the midpoint of this distance was marked on subjects' skin. After preparation of subjects, ultrasonography was performed. This producer was classified in 3 steps: 1) Gray-scale or B mode imaging, 2) Ultrasound elastography, 3) Color Doppler imaging. 1) Gray-scale or B mode imaging Subjects were asked to sit on the chair while they were in an upright and relaxed position. They were instructed to put their forearms in the pronation position on the armrest of the chair. All the images were taken by expert sonographer in the field of musculoskeletal imaging. Linear probe of ultrasonography with frequency of 7-11 MHz (my lab70, xvision, Italy) was used for imaging. Probe of the device was placed on the specified spot (parallel to horizontal fiber of upper trapezius) of the subjects' dominant arm (Fig. 1A) . In this position, thickness of upper trapezius was measured. Thickness of muscle is defined as the greatest distance between two hyper echogenic fascial layers ( Fig. 2A ). This measurement was repeated in contraction state as well (Fig.1B) . For this purpose, participants were instructed to maintain shoulder abduction (90°) with external rotation while their thumbs were toward the roof, images were taken and muscle thickness in contraction state was calculated ( 
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formation in response to compression load) was determined by changing the color in this new image. The value of compression force was kept constant based on pressure indicator of ultra-sonogram. According to the classification of stiffness in this set up, the presence of red color was an indication of more stiffed zone and green color was the indication of a softer zone. Proper images were frozen and circle region of interest (ROI) were defined in two different zones with size of 3-5 mm 2 . Reference ROI was adjusted in the sub cutaneous space and another ROI was located in the bulk of upper trapezius muscle below the reference ROI (Fig. 3) . Histogram and strain rate of each region were computed using the device software. Muscle stiffness was calculated with dividing the strain rate of muscle zone by reference zone. Similar to the previous step, muscle stiffness was calculated in contraction state, and this measurement was repeated in 90° of shoulder abduction. Participants were instructed to perform this action and maintain this condition.
3) Color Doppler imaging Upper trapezius circulation was scanned by color Doppler ultrasonography. Peak Systolic Velocity (PSV), the Minimum Diastolic Velocity (MDV), and Resistance Index (RI) are common measurable parameters in the sono Doppler. The RI is a ratio that is achieved by dividing the difference between peak systolic and minimum diastolic velocities by the peak systolic velocity. Participants were asked to sit in the same position similar to previous steps and the probe was placed in marked location. Mentioned variables were examined in the ascendant part of the transverse neck artery or major arterioles in the visible window, merely in the relaxed position. For every step, taking images and calculation of measurements were repeated 3 times with a 20 minutes interval. Therefore, in total 36 measurements were done per variable. Indeed, the ability of ultrasonography images for assessing upper trapezius features and morphological parameters were examined in one session in healthy subjects with the same rater.
Statistical analysis
SPSS software version 16.0 was used for data analysis. In order to distinguish normal distribution of variables (p > 0.05), one-sample Kolmogorove-Smirnov test was done. Reliability analysis was carried out by Intraclass Correlation Coefficient (ICC) with two way random effects model and 95% confidence intervals. According to Rosner suggestion 17 , the value of ICC was subdivided to 3 levels as follow: reliability of <0.4 offers poor reproducibility, 0.4 up to 0.75 shows moderate or fair to good reproducibility and higher or equal to 0.75 illustrates excellent correlation. The numerical value of standard error of measurements (SEM) was calculated for all parameters using bellow formula:
Ultra sonographic Assessment of the Upper Trapezius
Results
In the current study, intra rater reliability of upper trapezius thickness in rest and contraction states, muscle circulation and its stiffness were defined in healthy women. Descriptive data of anthropometric features of healthy subjects which participated in the present study are shown in Table 1 . Intra rater single and average ICC, 95% confidence interval and SEM of each variable are reported in Table 2 . The ICC scores of total variables in our study had excellent level of reliability. Based on our findings, thickness at contraction state had maximum reliability (ICC= 0.993) and minimum diastolic velocity had the lowest reliability (ICC= O.771).
SEM = SD √ 1-ICC
Discussion
The results of the current research demonstrated that ultrasonography with explained protocol is a reliable method for measurement of morphometric features of upper trapezius, its mechanical properties and circulation in healthy women. According to our knowledge, the present study is the first research to indicate that images from ultrasonography provide reliable measurements of variable parameters, such as muscle dimension, stiffness and blood flow in non-symptomatic females. But in the current literature, intra rater reliability of female subjects was only examined, therefore, evaluation of inter rater reliability of upper trapezius muscle is recommended in both genders. Biceps brachii is the first muscle that was evaluated by ultrasonography in 1960 10 . This evaluation was continued on other muscles, such as masseter, pelvic floor muscles and lumbar multifidus. Correlation between pathology and muscle size has also been examined in several studies. Some of the relevant studies for measurement of reliability by ultrasonography imaging in neck muscles are explained below. Evaluation of reliability in measurements of thickness in lower and middle parts of trapezius using ultrasonography were reported in researches of O'Sullivan et al. 18 and Bentman et al. 19 . In the study of Bentman et al. 19 16 healthy subjects and 3 examiners participated. According to their finding, for middle trapezius between examiner reliability was presented . In another study conducted by O'Sullivan et al. 18 which was performed on 16 healthy volunteers, good level for intra-rater reliability and moderate level for inter-rater reliability of lower trapezius were reported. No study -to the best of our knowledge -has used such set of the ultrasonographic scanning to establish the reliability of thickness measurement of upper trapezius. Ultrasound measurements validity in upper trapezius was examined in another study 20 . In this research, correlation between MRI and ultrasonography in upper trapezius muscle in C6 level was calculated and a fair level was reported (r: 0.52). Poor correlation between two methods refers to the difference methodology of two imaging techniques (including different subject's positioning and scanning orientation on muscle). Unfortunately, our method was different from their ultrasonography imaging method and there was no possibility for comparison between the results of mentioned study and the present research.
Our method for thickness measurement of upper trapezius in rest condition was similar to the Sikdar et al. study 13 . In their research, measurement was performed on patients with myofascial pain syndrome, while the present study was conducted on healthy subjects, moreover the reliability was calculated in our study. In another study 21 , reliability of ultrasonography on 10 healthy subjects was examined in contraction state. In their study, thickness and cross sectional area (CSA) of cervical multifidus in contraction and rest conditions at different neck levels were measured. Within-subject coefficient of variation was used to assess the reliability and acceptable intra rater reliability in both conditions was reported. Also, based on our analysis in current study in contraction state of upper trapezius, excellent reliability (ICC: 0.993) with small SEM (O.28 mm) was also reported. Reliability of ultrasonography in evaluation of longus colli muscle (15 healthy and 10 patient with neck pain) was investigated in another study 22 . Variable parameters, such as thickness, CSA and shape ratio were measured. ICC plus SEM were calculated and results of their analysis showed that value of reliability for thickness measurement was good (ICC: 0.60-0.90 SEM: 0.12-4.38). Based on critical literature reviews, there are no adequate studies about morphometric features assessment of cervical muscles with ultrasonography 23 which is necessary to be evaluated in future studies. Although MRI was reported as a golden instrument in muscle imaging, finding precise borders of muscles, especially in subjects with low fat is challenging. Therefore, standardization of imaging by ultrasonography seems necessary 20 . Quantification of mechanical properties in muscular tissue is one of the advantages of ultrasonography. In our device, muscle stiffness has been determined by deformation of tissues in reply to manual compression stress. One of the studies about the quantification of this parameter on upper trapezius with a different method was reported in 2007 24 . This study was performed on 15 healthy females using myometric and alteration of muscle stiffness by changing position was reported. In another article, validity and reliability of muscle stiffness by ultrasound elastography were examined. In their research, young's moduli of medial gastrocnemius and tissue mimicking material were computed and high level of reliability (ICC: 0.77) was reported for intra and inter rater reliability. Their results confirmed that measuring stiffness using ultrasonography is a reliable and valid method 25 . In spite of differences of target muscles, the findings of our study (ICC: 0.81 for rest and 0.89 for contraction state) were similar to their results. Sono Doppler is one of the effective tools to evaluate muscle circulation. Based on our information, there was no published article about reliability of blood flow indices measurement in upper trapezius. Our method was only similar to Sikdar et al. methods 13 in measurement of blood velocity in the vessels of upper trapezius. Ultrasonography is an accessible and cost effective technique for imaging assessment of muscular tissue and it can be applied as a first level diagnostic instrument in coordination with clinical examination 8 . The results of current research suggest that real time ultrasonography is a reliable method for measurement of upper trapezius features in healthy women. Various parameters, such as muscle thickness, mechanical properties and blood flow can be likely used for objective assessment and provide numerical reference value for exercise settings and clinical plans in various disorders relevant to neck or shoulder. Also our finding from assessment of this muscle may help to prevent neck or shoulder pain in susceptible people. In the present study, intra rater reliability of female participants was only evaluated. This is a limitation of current research, therefore, examination of inter rater reliability ultrasonographic features of upper trapezius is recommended. Effects of individual anthropometrics variables, such as gender, age, BMI, and sport habits should be taken into consideration in future studies. Also, this study should be performed on larger population and other muscles for determination of the reference values of muscle features in both gender.
